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l 

^SHI £-5=f*7H tfl-§-*M ^(+) ^RJ* ^ ^]2^ ( ^ 

£rJ£^ ^7H1 tfl-§-S}oi ^( + ) *1] l*i-fl-S>f Jf(-) * ^ *I|2*L*# *3^*Rr ^fl-g^tt; 

~ A}2^_°^ ^^Hr A2^°i 31 

-SM afll^af ^-71 ^112^^-1- ^^Hl-i-^ *J5*1-*MI ^ ^;£o] ^ 7 >ofl tfl-§-€r}<^ tjt(-) # 

^ *i3#<y-^- 4mj*r=- ^i3^«a- ^4^2 

3 

*]2*<M1 «<>W, 

^l2ti)-o|^E(. e ^xj^ElB] ^]2^1p1E1 *\)2»\}°}^-o}v]B\ *fl4*I3h ^-g-^crj #7) 

^"71 ^l*!* ^4^1 7H^7fl^|^ ^^[SlJl, ^-7] ^ll^nlE) ^d-^ol] tljeil^ *fllHJM^-6lPlEj *fl5 
*l*cH1 ^ 2^1^-1- ^*Hr ^]2^^- 48 

ST* 4 

^^"oH #71 ^ll^°J-^ ^^o>^ «HH. =a 7l^°J- 
5 

^]2*oHl ^oj^i, 

-8-71 ^2^^ -8^«r^*, 

#7j ^11^-fHl DtiH^^l H7l# ^-^ #7l ^]2^oil C«H^^ 37l# ^^--1- ^tb ^15^1 ^-i- >H]8^ 
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6 

A l^fr^l 3711- ^ ^7] Atifl^S] H7l# ^ ^#1- *U4^t~ ^17^ 

*<hi ^-7i ^3^°j-i: ^*Hr ^ -a- #^^.5. *hh =a 7i^*i<y- ^>s#*i. 

^■7) U\*f7]&&<&2] ^fHl rcf# srVM- °P6 V ^ 7|^^°J- ^^^S: i^}^, Zj-^S] ^ A o^ 

^T 1 * 8 

*117*<M1 

3^ 9 

^18%H1 ajI'H A 1 , 

^-71 0]^7l^^^ 

^-7] ic5L<H] ^ ^-tifl^-i- °J^^°> tilJ^^r^; 

^"71 71-^^0]- ^j^oj-^ +\°)°\) 7]-^^)^ ^ S^thS" ^ti)e>JL, ^7) 7^7^^ 

. Hrf-ISr 10 
*1]9%H1 &<>H, 

^7) 7}^ -^9-] 7Wti% ^m^-*} ^"71 ^7}^^9] £^SRr ^^J^^- *Hr MH^ 7] 

11 
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-§- ^«l*Rr «K&*0 
12 

*llli*°fl 5fl°W. 

#7i tfl^^^^ ^-? v °\] u±sl ^o]si §>i4 oj^-o) ^^^oj. ^^-g- s^ji, zm^i ^«^i<a- -a^^ 

Ut 1 * 13 

*|12*<H| $L°\*\, 

#7l Vfl^^^oj- fl^^g., 

^(vpp)* ^M*M W ^(VPP) 4^tf; 
3<H ^ o J(VC0RE)-|- ^^^-71 fl* 5L<H ^(VCORE) fl^^h S 
«J| *>°H^ ^<g-(VBB)^r 4-8*71 «Jj ^Hi *l 0 *HVBB) 

3?-* 14 

*U3*°ll SJM*!. 

#7] tfl^M^^ ^M-f**fr, 

#7] y$l7\&&<&-& #7] ^(VPP) 4W^tt<HM ^V 7 | ^oj- ^oJ. (V p p) o. xg^^ ^ A}&S\^ ^ # 

15 

all 13*41 

#71 MHM^*i<3- *M*=r#£r, 

#71 afll^ vfl^l ^13^^ ^ *£*HJ* ^ *027l^*i«-* 

*>^, #71 ^1271^^^-a- #71 51^1 ^^(VCORE) <$^<cHM #7) *l<g-(VC0RE)-§- 4^* ^V^tt 

?A^r Sfe ^>-£^l 4i*K 

3}^?-* 16 

13**11 Si^H, 

#7] Lfl^-7i^<a- ^-s^e*. 

#71 >HU*i<3- tfl^l *fl3*l«a- ^ «W- ^i^^s, <d^€ ^1371^^1 oj-* ^ 

#71 ^1137] ^^<a-^- #7) ^ «H<H^ ^°J(VBB) >$^<cHl*l * 7 ] «fl u\o]o]+ ^^(VBB)-i- fl^tt ^ 

3^* 17 

^•71 ^i^«a- * *>M- ^tM- ti«l*aL f ^^-i- 3Hr ^^-E ^1#^ 
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*M alW^l- fl^fe *lH*i<y- *3^#; °A 
^« 

tPg Ag Af 

tfAgg ^Xg 

<9> -& ifl-^ ^ ^Hl 7 ^s, ^-^1, ^ 3^3* ^--£^1 ^1"- 

<10> °fl.2_E] ^j7^ 5 jlHH, ^^^^-<H1 ctfe]- i^oflA^ tflJj?- *13M: T^-g^o} gq-. tflJf ^d€^ 

^*r7| ^*1W^ 7l^(Reference)^-l- SM-jI. 7]^^^1* >4-§-^ *M ^(charge pumping) IE 

^ nf^- £tHD(down converting)^ °1 -g -^-^ St-EH-. 

<11> *W ^(charge pumping)^ °}&& $\&z\ 0 A ^ ^J&^Lfe (VPP) *r ^ «M<Hi ^°J-(VBB)7V 

5fl^. ^th c r£: £tt^(down converting) °]-g-^ rfls^^l ^ ^^-^cr S<H^^KVC0RE)7} ^cf. 

<12> U^AS. ^fl-^fl-(VPP)*: €^ >S H^^l^E]^ Tfl^lH (5E-& ertlCWord line))°fl ^ 

<13> «J? a}°H^ *i°J-(VBB)£- 4N Si^r c-nol^oj £^]-§- gj-71 fl*IM ^ H^l^o] yj^ofl s) «. 

^l^llHVSS)^ ^ ^# ^7>§>7l ^cf. 

<14> rL^JL, S<H^°J-(VC0RE)Tr #3^* #°|:H 5L<HS| ^«fl ^^^(VDD)!- ^ 

(down converting)^ ^^^^(VDD)^ ^Ji ^ < 3^ MHH^r s}^«^°J-(VDD)s1 t« ^ 

<15> i 1^ ^eflfi) ^ ^°J-°1 ^^s]^ aHI* l-^£^cf. 

<16> £ 1# %^*r£, ^eflfi] iflJf ^ *i<g-°l ^^s]^- 4-8^4 ^-cr. 

<I7> ai^, ^^-^-(10)^ MH— ^ Sj^^^i PVTCPROCESS, VOLTAGE, TEMPERATURE)^ ^Hl cfl^fl 

<i8> VREF ^^-^(20)^ t<#*}-2\ #^^°M V (VBG)<^1 -§-^*M ^^(VPP)^ ^3^7] ^ ^ 

0 J-7l^^(VREFP)^, ^ w}<^l<H^ ^°J-(VBB)^r ^^§>7) UJ i U >°1^^ 7]^^^(VREFB) , 51 

*3-(VC0RE)* 4^*r7l fl«J>H ^ c H7l^^° t 3-(VREFC)^- 4>S*t|.. 

<19> ^3^€ z}" 2 !^! 7l^<g-<H] -g-^ol ^^^^(VPP), ^ ^- MM^i -^^(VBB)^ ^#71 (Detector) 

fir, 5L^eJol^(OsciIlator)Sr, ««^l<H7l(Pump Controller), S ^H(Pump)^ 7]*]*= ifl^^^* 
-I- ^^^<a-(VPP)oiq- «lj tij-o}^^ ^°v]-(VBB)^: 4^44. S<H^i o J-(VC0RE)^ S<>i^i 0 J- ^^7l 

(VC0RE Generator)!- °l^-^>^ ^^ftcj-. 

<2i> i 21- #S5r<2, -jl^JKlO)^, tfl«fl ^^7> ^ ^E]^; til-ol^ef e^^i^e] (Vertical PNP 

Bipolar Junction Transistor, Ql. Q2)# «V°l^sf ^ HSH^I^^fil o|-g-^ 

^7}o\] u^-ef Jis.^ ^i^-fil ^7V^]-7il s]^ PTAT( Proportional To Absolute Temperature) *(IPTAT. 

M*IPTAT)^r 1r7Hl n+er Jl^-^ ^1-^-^ °^c>l #£!f>}7)] CTAT( Complementary proportional To 

Absolute Temperature) *J(ICTAT, K*ICTAT)# ^JL PVTCPROCESS, VOLTAGE, TEMPERATURE)^ 

^s\o\) cfl«H cy^tr ^fl* 7^1^ #^*l<y-(VBG)-i- n J^4. 

<22> ^^isH JiHS. AV_S-Sf op-amp 1^ S]§ij 7)-^^(vi rtual ly shorted) Sl^AS.^., HN^l 7f 
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<23> 



<24> 



^? = 1 ( [-^ ] - 1 ) ^ 4 



<25> 

<26> o}?H , I Q1 , I^jfe ZJ-ZJ-2] S.^fi^l^El(Ql,Q2)ol] «1] °1 "1 £\ #-5t°l >}. ne)H.S., Ai^E. 

r _ ( V BEl- V B®) _ ^W' ®) ' V ? 
hTAT ~ Y\ ~ Rl 

<28> =LZ]3., -iHSHH R2*1^-§- f-Sfl « sfe ICTAT^fe #c)-. 

H 



nnkssEEL 



<29> " 

<30> §-«a , & H7l^ PM0S<^1 ^-ff-7> 7}^^H1 P5*ifRr Pl^lfM] 

<r*M 6 

<3I> 

<32> flSf f^!* ^oHl P4^i^£ P3^fMl al^]tVcf. 
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1 '4 — ^ L CTAT 

<33> 

<34> :za)B.3. P4Sf P5#-?f-fe 2}"Zt K*ICTATS}- M*IPTAT°lt+. 

<35> TfKM 9^^'?]-(VBG)-g- ^-cf. 



<36> 

<37> ji^J-o) ^o]q. £ s NfRli R2 , R3, K, M, 3*1*1 ^ #^^KVBG)*r PVT<&3HI c«§H 

^31*8* #n o^h].^ N> R1 R2 R3 ^ j7^§].jl k, M #Sh§- PTAT^ CTAT^sj 

<39> i 3^§- % v ^r r £, ^S-^tfWP)^, UJ i ^°J-(VBB), ^ S<H ^(VCORE) °] €r-£^ 

<40> aSlfl, f^S] 71^4 ^o] ifl^^ 0 ^ #$]7Y ^^ofl cfl^ z£t)} S] ^ , HSS*1 

^ #°J-(Vth)°l -S- T -7} *M "fl-g-ofl £rH°fM^- "flS-e] ^ tWR(Write 

Recovery Time)°l ^o^Itt ^^14- »V«7V^]S. ^ £H°1Mfe ¥#^-fr ( leakage current)7 r ^7} 

ofH.i^ ^^(refesh) ^*r*l^r £-*fl^<>l ^^Jcf. 



<4l> ^£ ^-7]sf ^ ^]^-g- ^)^§>7l t^V^ SiS, £^o) n^ej- ^l^^Tiq-, ^7j- 

<42> ^7lS] 71^ ^^>7l eg A^ofl aj-Sig, £5:0) tt^ofl J^^t]] efl^-§- 

^ ^oj £ -ofM tH^-7i^^^ ^*Hr m^i^^i^ g A o>7l ifl^-7i^^oj-o(i 

<44> 7\^*A ^# fl* S) S Cf^ 4^*2, ^-^^ °^^>^1 ^1 
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oil *#*M i^^^l^ &SL3.»\ *£IL 4Mi*Hr €H 3*313 4-9^* * 

<45> °l*h ^o] 4**}^ 7l^-£°)o|H -f-^Vo) ^^-i- 7>^1^7f ^<3* &°}*W] *T £r 

<47> 41- #2:3^, £.£S] ^^<H] Jf^Tll *H*fl*S* ^ *Hl*d 6 J-(VBG), ^^7H] cfl-g-^H *<K+) 

^-9* 5fe *l2^KVPTAT), S *-H*7M tfl-§-*M «- (-) ^3^tt(VCTAT)* 4-9*fe ^fitt^M 

^-(100), S afll^CVBG) v|]*] *fl3#°J-(VCTAT) ^ <H^ *M- #°Mf 4d^*Ka. *£*H9* 
^<H£ tl-M- o}^9\ vfl^-7l^^°J-(VREFP ( VREFC, VREFB) * 4^o}^ ^*f-7]&*[ 0 Jt 44^(200)1- T^ftc*. 

<48> <*|7H, i4] «-7l^^i^ ^^^-(200)^r, ifl^-7l^°J-fi1 f^(VREFP, VREFV, VREFB) 0 !] ^M" °l A o v ^ 

7|^°J- 4-9^(220. 240, 260)# SL^JL, 7]^^.^ 44^(220. 240, 260) ^<S* « 3.^-9* # 

-S-^cH] nj-e}- >8-o|* ^S^CVCTAT, VPTAT, VBG) V A ^sfllS* ^fe ifl^l^StfCVREFP, VREFV, 

VREFB)* -9^8*4. 

<49> ^r, *9slfe iflJM^tfCVREFP. VREFC, VREFB ) <£• £SM ^^Ml ^31^°) ^ 3=^ £r£^ 

7HI =8(+) ^ £-5^7Hj ■¥-(-) ^ sfM^ ^ * ^ @ !°H #*r4. 

<50> °J7W, ^(+) ^s^i a] ej)*]: 4^ ^AS.^ ^£ ^7H1 *<}(+) ^"9* #fe<=*fe 3£ 

<51> D>^V7V^1^., ^(-) ^H3€-, -°r^°-l Bi^ofl ti> al^^-c}^ ^G-5L#1 f£ #7H1 cfl*SH -r(-) -^<S* £Hr4 

<52> iE. 5^ £ 4°fl^ ^oj- 4>8^ -?^^1# SAltb 31 515= °1 4. 

<53> SL 51- ^d°J- ^-^-¥-(100)^. ^7H1 tfl^^M 3(+) -T^^r IPTAT)^ ^(-) ^ 

^-|r ^ ^I2^i^-(ICTAT)# -9>a*te ^HMM^MllOSh ^ll^^-(lPTAT)^ ^]2^i^-( ICTAT)# 
(K*IPTAT : M*ICTAT)^ ^ ^3^*( ISUM_3)°fl -°r£^l ^^-^ ^-^r^Tfl °J^*V 

^°J-(VBG)# ^]l^i 0 ^ ^^-¥-(120)°+, ^ll^^-(IPTAT)°+ *fl23HK ICTAT)# «l-°r(B*IPTAT : 

A*ICTAT)S. ^|4^»(ISUM_4)^ ^7><Hl tfl-g-sH ^( + ) ^-fr ^ ^12^*3" (VPTAT)* 4 

-S^fe ^I2^°i ^^^-(140), ^ ^l^-fHlPTAT)** ^)2^(ICTAT)1- <£*i al-|:(D*IPTAT : C*ICTAT)5- 
^^-(ISUM_5)^1 -°r5^1 ^7H1 tfl-g-^ m^^- ^ ^3^3i*a-(VCTAT)* ^3^* 4-9 

-V-(130)# ^Hltbnf. 

<5 4> <^7lA^ ^^^^^-(HO)fe, ^l2ti}ol#ef e^^|^e1(Q2)^ ^12o|olE] ^(lE2)ofl a] *l2»{M^-ol u] *\ 

^l d d-(VBE2)# 7fl47H^(R4) ^-g-^M ^11^^-(IPTAT)1- 4^^, ^ol^el ^(IE2)^ ^l«V<>l#e]- H^l^]^ 
E)(Q1)S1 ^U^^lBi ^^-(lEl)^ ^afl'rSl a7l(N^|)* ^ 4^^(112)^, 4^-¥-(112H 

(CASCADE) ^^S] ji, ^IH^El ^(IEl)ofl «Hlo>^ ^]ltiflol^-ol"lEl ^^(VBED-fr ^ll5^^KR5)ofl 
^§>°i ^]2^i#(ICTAT)^ fl^Afe. *S.*.48.*-¥-.(114)* -^altb^. 

<55> ^ll^l^ 4>S^-(120) — , ^]l^i#(IPTAT)<Hl BH<t^ 5L7]# ^ ^1 W-(M*IPTAT) °+ ^]2^( ICTAT)°fl K«fl^ 

^ H711- ^ ^-^(K*ICTAT)# ^t!- ?H]3^(ISUM_3)# ^16^^(R6)<H] ^^^W ^ll^i^CVBG)* 4^«cf. 

<56> HHl jl , ^12^*3" 4^-¥-(140)^-, ^1^^-(IPTAT)°11 D«H^ H711- ^d-^(D*IPTAT) °| ^2^-^-( ICTAT)^ C«S 

H7lf ^ ^d^(C*ICTAT)l- «-^r ^l5^#( ISUM_5)# *\]&*\ *J-(R8)°1) ^l2^°J-( VPTAT)* 

<57> 3=*, ^3^*3- 4^^(130)*, ^U^(IPTAT)^ 3.7] ^ ^ ^-^-(B*IPTAT)^ *fl2#^-( ICTAT)ofl A«fl 

^r^ 37H ^#(A*ICTAT)€- ^]4^( ISUM_4)1- ^)7^*J-(R7)<>11 ^ir^M ^3^°J-(VCTAT)* 

<58> ^, ^12^°J 4-9 -¥-(140) 21- ^13^°J- 4^-¥-(130)^, -°r-£ St* ^1 1^ 

°J" 4>94-(120)4 f-*a* sl^T 1 ^* ^^l 1 ^ A PM0SH^l^]^t1(P4 <-> P6 <-> P8. P5 <-> P7 <-> P9)°4 
^<H1 ^£°fl 4^ ^^7}- «1^3>^ ^2«W ^13^*3-* 4^tb^- 
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<60> i 6^- -£ 4°1H VREFC *3<%^&l fl33=°lc1-. 

<6L> S. 6% %3zZ}#, Lfl«.7l^^<y- ^^-(200)^ ^jjlrh ^ VREFC 4^(240)^. ^Ufltf 

(VBG) vfl*l *il3*i 0 vKVCTAT) ^ ^°J-§- $ 3 IN_N0DE)3. €^*r e] ^-(242) , 

S ^^(IN _N0DE)<>il ^^1 #°J-^ ^ ^r£^# ^- 7} VREFC #3*Hfr Ml^7| 

#^ i r L (244)-g- i^-fi-t}. 

<62> *}7H, i41^-7l^^<y- #3^(244)^, Mi=(I]O0DEH ^ ^^(DIVI.VOL)^: °J^^<>)- 

^^(2442)2}, 01^(2442)^ #3*j5:°fl -g-#*M ifl^7l ^#°J (VREFC ^*Kr ^f-*?-(2444) , 3 
4-^71 a^fl" ^1^°^ A}o]e>f] <£;g^ 7>^^*J-(CH_R) * al^^UO* T^l**, 7}&Z\*& 

(CHJO-^ S^^^(R)^ ^^^S-oflAi -g:tifl^<a-(DIVI_VOL)# 48^*^ -g-«fl-¥- (2446)1- t 1 ^*^. 
<63> ^tiljif (2446)^-, 7V^^i*J*(CH_R)S) *|tfSt-i- a^fl\S.3.*1 ^7]&&*Jt*\ ^*(VREFP, VREFV, VREFB)# 

<64> ^, ^^-71^^^ ^^-(200)-^ ^°)& £±r * l^CVBG) , ^^(VPTAT) , ^13^°J( VCTAT) ^ <H 

- ^-M-a] *J^3*f M^#€3i 0 *HI ofl-§. *12#°J-(VPTAT)7> ia<H 

(VCORE)^l £r5=s] f?M cfl-i-sH f^^Hr a^tf (VCORE)^l 

<65> <>l-*«8^ €^ afs}- ^-o] £ >gA]oi|# ^^-§>^, £r51^ ^^ofl ufl-g-SM ^^l^o] 

o]^ §m-Bj ^<y-ir ifl J f7|^*I<U\2..5. 4^4^.4^ *V.£*ll ^\9] a 7^1 ^ *r 5U c h «4I# 1: 

<H ^ ££<HM 71^ ^-g-oV^ ^«g-^i<a-(VPP)s] aid) a* ^7>a|7]jl, «j) tiV°l<H^ ^°J-(VBB)sl 

^cfl^ tW R fail oil cfl*V 3-J±*M -ir^l:(yield)l- ^ Slcf. ^7M5-, 

<66> £ 7^- £ 4°fl £^1^1 -I^HHl ^2} ^-¥-71^^ ^-^^^J-ol ^^^^ ^-^ 

<67> 5. 7-i- ^3:^]-^, .£ 4oil S.a]€ ^- ^H1S+ ^ ^^(100)4 Mj^-7]^^ ^ 

^^(200)# ^7]^^ ^^-{200M^\ ^€ ifl-^-^^^CVREFP.VREFC.VREFB)!- ^>-g-^ vfl 

-¥-^€^°J-(VPP.VC0DR.VBB)# 

<68> <*\7}*\, ^^-¥-(300)^-, tfl^^^l^-(VPP. VC0RE, VBB)^1 ^M" 

^^^-(VPP , VCORE VBB i^oL, ^^oj. ^Aj^^. Ml-^^i 

^^i'y-^ ^(VPP, VCORE, VBB)°ll n|e]- ^o]^- ^s.^-^^ 

<69> ^ 4*3 Si -^HH -t-7}€ Ml^^^ ^^-¥-(300)^ ^°J(VPP)^r ^^^W ^°J" ^1 0 J-(VPP) fl>8 

^^(320)4. ^d°J-( VCORE) * S<H ^^(VCORE) ^^^^(340), S ^ b^H^ ^°J-(VBB)^- 

-8^8*71 «Jj «VoH^ ^9i(VBB) ^^#(360)# lf^. 

<70>- zielJl, ^- »£^o} ^a]o})<h1a^ #<a-^-tf(VPP)-* ^-S^fe ❖^l^-tfCVREFPJsf.-a^^fl'CVCMRE)-* 
^ S^7)^^«g-(VREFC)^, ^ m>o]o1^ #<3-(VBB)# >8>a^ ^ 7l^°J-(VREFB)-i- 
^y^^cf. ^|nv f 4± hV^^J i4j-V-oi]^i AV-g-sl^ S.^ m-¥-^d°J-i: ^^^^ M)^-7l^^9j-^ 

<71> o^7H^, ^^^1 714^ ^S. 3±<$°] 3.^ 71^ ^fl* A}-^}^ 

<73> S. 8-S- #2:^, & 7)^cfl5. ^-^^^^^(VPP, VCORE, VBB)^ ^^^0) ^-S.oj ^ oj^^ 
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<l> £ l£- ^efl4 ^ #31 31^4 ^^sj^ *Mj# 

<2> £ 2^ s. ^<g- ^^^11- 

<3> in. 3-£ ^^9] 7}^o\] ajefl ^-V-^-?!^ -&^°\) 4€- 5=43: = . 

<4> £ 4^r ifl^7)^^d<a-o| 3*^ ^ £A] ^ 

<5> £ 5-cr S. 4°H4 ^.A]^ ^oj. ^^«.o| ^igaflf. £A|^ SjjsLH. 

<6> £. 6£- 5E. 4<HH j^A]^ VREFC ^-^4 ^<4# 

<7> £ 7-£r H 4cHl SL*]& £ 1^4 44 ^€ 4^4 4**V4 Ml -¥-#31 ^4 *M4£r 4^9 

* £4«r ^.j£. 

<8> £. 8£ t^sl ^HH 44 ^3 4^31^4 4€- *l4t: £43 
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TEMPERATURE! *Cl 
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VPP[V] 

TEMPERATURE [ e C] 
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